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Abstract. With the aim to investigate the overall evolution of UIR band features with hardening of UV radiation (increase 
of the star's effective temperature) we have analysed ISO spectra for 32 C-rich stars: 20 proto-planetary nebulae and 12 
planetary nebulae with Wolf-Rayet central stars. In this contribution we discuss variations in the peak position of UIR bands 
among analysed objects, and demonstrate that variations in the "7.7" to 11.3 flm flux ratio are correlated with the effective 
temperature (probably due to an increase of the ionization state of their carriers). 
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INTRODUCTION 

The presence of unidentified infra-red (UIR) bands 
around 3.3, 6.2, "7.7", 8.6 and 11.3 jim in many as- 
tronomical objects is commonly attributed to polycyclic 
aromatic hydrocarbon (PAH) molecules which are ex- 
cited by UV photons (see e.g. Li 2004). After absorption 
of a single UV photon, energy is redistributed over the 
molecule and the molecule "cools down" through pho- 
ton emission in the UIR bands. Possibly, the observed 
features are due to a complex mixture of ionized and 
neutral PAH or PAH-related molecules of different sizes. 
Therefore, the overall appearance of the features (shape, 
peak position and strength) are determined by the present 
physical conditions, but also by the formation and evolu- 
tion of their carriers. 

PAHs are thought to be formed in the outflows from C- 
rich asymptotic giant stars (AGB). However, there is no 
direct evidence of the presence of these large molecules 
in circumstellar envelopes of C-rich AGB stars'. The 
most possible explanation of UIRs undetection is the lack 
of UV photons in surroundings of AGB stars. 

Recently, Peeters et al. (2002) and van Diedenhoven 
et al. (2004) have investigated variations of the UIR fea- 
tures in a large variety of sources including star forming 
regions, H II regions, Herbig Ae Be stars and galaxies as 
well as evolutionary advanced stellar objects. However, 
their sample included only 7 post-AGB objects and 4 
planetary nebulae (PNe) with [WR]^ central stars. There- 



' Recently, Boersma et al. (2005) reported the detection of the UIR 
bands in the Infrared Space Observatoi'y spectium of the AGB cai'bon 
star TU Tau: a binary star which has a blue companion. 
^ Wolf-Rayet planetary nebulae have central stars which are hydrogen 
poor and lose mass at higher rates than normal central stars, but 
their chemical composition is similai' to that for normal PNe. ISO 
data have shown that in this group of objects both forms of dust (C- 



fore, to investigate variations (and possible evolution) of 
UIR features in sources with fairly well established phys- 
ical conditions we have determined parameters of UIR 
band profiles for the largest available sample of post- 
AGB objects and [WR] PNe using Infrared Space Ob- 
servatory (ISO, see Kessler et al. 1996) data. 

SAMPLE AND THE UIR FEATURES 

We have searched the ISO Data Archive for Short Wave- 
length Spectrometer (SWS, see de Graauw et al. 1996) 
data taken with AOT 01 for about 330 post-AGB objects 
compiled recently by Si6dmiak(2005). SWS 01 data are 
available for 65 sources and UIR bands are present in 
spectra for 20 of them. The sample of [WR] PNe includes 
sources which were discussed by Szczerba et al. (2001), 
however, we excluded 4 objects which do not show UIR 
bands or have SWS 01 data which do not allow to make 
a quantitative analysis of their UIR bands. 

The ISO Spectral Analysis Package (ISAP2.1)^ was 
used to process and analyze SWS 01 spectra (OLP ver- 
sion 10.1) for all sources from our sample. During data 
reduction bad data were removed and spectra were re- 
binned to a constant resolution of 300. Small memory ef- 
fects were smeared out by direct averaging across up and 
down scans, but in case of larger memory effects, the up 
and down scans were averaged separately to investigate 
changes in the UIR features. The parameters of the UIR 
band profiles were determined by defining local continua 



rich: responsible for UIR bands and O-rich: responsible for crystalline 
sihcate features) are present (Waters et al. 1998, Cohen et al. 1999). 
^ The ISO Spectral Analysis Package (ISAP) is a joint development by 
the LWS and SWS Instrument Teams and Data Centers. Contributing 
institutes are CESR, IAS. IPAC, MPE, RAL and SRON. 
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FIGURE 1. The normalized spectra of four post-AGB ob- 
jects from our sample showing variations in the "7.7" /xm peak 
shape and position. 

(polynomial of order 1) and fitting a single Gaussian to 
the features at 3.3, 6.2, "7.7", 8.6 and 11.3 jLim, sepa- 
rately. The "7.7" ;Um complex is treated similarly in spite 
of the evidence that (in many cases) this band is com- 
posed of at least two variable components (see Peeters 
et al. 2002 and references therein). In addition, we have 
used a single baseline underlying the "7.7" and 8.6 \iva 
features, which passes through points from ^6-7 /im up 
to ~9-10 /im. Other ways of decomposing the UIR bands 
will yield slightly different results. However, these differ- 
ences will affect all sources in a systematic way and the 
variations discussed here will remain. 

We present in Table 1 our sample (IRAS name in col- 
umn (2), galactic coordinates - column (3), the effective 
temperature, Teff - column (4) - if available) and the ob- 
tained UIR band parameters (peak position, Ac [/xm], and 
the integrated fluxes of the Gaussian fits, F [W/cm-^]) for 
the 3.3, 6.2, "7.7", 8.6 and 11.3 ;um features (colunms 
(5), (6), (7), (8) and (9), respectively). The shapes of the 
band profiles will be discussed in the full version of the 
paper (Szczerba et al. in preparation). 

DISCUSSION 

The "7.7" jUm band is composed of at least two sub- 
peaks and in some cases the main peak shifts up to 8 \im 
or more (see Peeters et al. 2002 and references therein). 
In Fig. 1 we show spectra of four post-AGB sources 
selected from our sample, which are ordered according 
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FIGURE 2. Peak position of the "7.7" \ira complex versus 
that of the 6.2 ^m band. Open circles denote post-AGB objects 
and open triangles mark [WR] PNe. 

to the peak wavelength of the "7.7" ;um complex. The 
whole range of possible peak shapes and positions are 
seen among post-AGB sources. 

Peeters et al. (2002) and van Diedenhoven et al. (2004) 
classified objects, independently for each UIR band, into 
classes based on the band profile and peak position. They 
noted that the derived classes are directly linked with 
each other. Fig. 2 shows such a correlation between the 
"7.7" and 6.2 /im peak position for our sample of proto- 
PNe and PNe. In general, sources with a 6.2 /im feature 
peaking at longer wavelengths show also a "7.7" ;Um 
complex shifted toward the red. There is no sharp "jump" 
between their classes but rather a continuous transition 
in the peak position for both features It is possible that 
there is an abrupt "jump" to the band peaking at 8.1- 
8.2 /im. However, sources with the peak wavelength of 
the "7.7" complex shifted above 8 /im have a 6.2 jum 
band peaking at the longest wavelengths in accordance 
with the overall correlation seen in Fig. 2. Note, that there 
is no separation between post-AGB objects (circles) and 
[WR] PNe (triangles) on this diagram. 

The peak of the 8.6 /xm band remains well confined 
between 8.57 and 8.67 \im (with two exceptions) and 
does not show any correlation with the peak position 
of the "7.7" ;Um complex. Note, however, that there 
is no 8.6 ;Um band for objects which have "7.7" band 
peak shifted above ~8 /im. The two exception are: 
IRAS 22574+6609 (proto-PN no. 5 in Table 1.) with 
[8.6 Mm] = 8.52 /im, and IRAS 04215-1-6000 ([WR] PN 
no. 7) with Ac [8.6 \vca\ = 8.76 /im. In the latter case 



TABLE 1. Central wavelengths and fluxes of UIR bands for sample of C-rich proto-planetary and [WR] planetary nebulae. 



No Object name 1 b T^f [K] 3.3 ^im 6.2 pm "7.7" pm 8.6 nm 11.3 /im 

Ac[Atm] ;F[W/cm2] Ac;F Ac;F Ac;F Ac;F 
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FIGURE 3. Flux ratio of the "7.7" nm complex and the 
11.3 |im band. Meaning of symbols is the same as in Fig. 2. 
Numbers from Table 1 identify objects for which position on 
the diagram deviates from the general trend. 



the peak position is uncertain due to low S/N of the ISO 
spectrum. 

The peak of the 3.3 jum band is even more confined. 
It is located between 3.287 and 3.296 /im with the 
exception of two post-AGB objects: IRAS 22272+5435 
(no. 4) which have Ac [3.3 ^mj = 3.275 ;Um, and 
IRAS 01005+7910 (no. 7) with [3.3 ;Um] = 3.277 ;Um. 
On the other hand, the peak position of the 1 1 .3 /im band 
is not so "stable" (AAc [11.3 jUm] «0.2 /xm). Note that 
Ac [1 1.3 ;Um] correlates with the "7.7" ;Um band peak in 
a similar way as shown in Fig. 2. 

The "7.7" /xm complex (if present) is one of the 
strongest among the UIR bands. Its strength depends 
critically on the ionization state of the emitting PAH 
molecules (see discussion in Peeters et al. 2002). Dur- 
ing evolution from AGB to PNe the stellar effective tem- 
perature increases steadily and we can expect that PAH 
molecules formed on the AGB will become ionized and 
the "7.7" ^m to 11. 3 /im flux ratio (which decreases af- 
ter ionization of the PAH molecules) will become higher. 
Fig. 3 shows this flux ratio as a function of the steUar 
effective temperature. If one discards [WR] PNe no. 4 
and 6 and proto-PN no. 19, the general tendency is an 
increase of this flux ratio with increase of Teff, leveUing 
off at about log(Teff)~4.2. The exceptions are: post-AGB 
object no.l9 - IRAS 17311-4924 and [WR] PNe no.4 - 
IRAS 19327+3024 and no.6 - IRAS 00102+7214. These 
exceptions can not be rather explained by the uncertain- 
ties in their specti-a. It seems also that IRAS 05341+0852 



(no. 10) has slightly too high F("7.7" jUm)/F(l 1 .3 ;Um) for 
so low stellar temperature. 

CONCLUSIONS 

By investigation of UIR band features in 20 post-AGB 
objects and 12 [WR] PNe (a sample more limited from 
a physical point of view than the sample analysed by 
Peeters et al. 2002 and van Diedenhoven et al. 2004 
which includes star forming regions, H II regions, Her- 
big Ae Be stars, galaxies as well as proto-PNe and PNe) 
we have shown that there are clear variations in the UIR 
bands parameters resulting (possibly) from PAH modi- 
fication (chemical or/and physical) due to the circum- 
stellar shell and/or star evolution. We have shown the 
existence of a correlation between UIR band flux ra- 
tios and the star's temperature. Possibly the ionization 
of the UIR band carriers is responsible for variation of 
F("7.7" /im)/F(l 1.3 /im) with the hardening of the radi- 
ation field. Such a conclusion could be reached because 
the effective temperature can be determined for proto- 
PNe and PNe. In the heterogenous sample of Peeters et 
al. (2002) there is no easy way to determine the physical 
parameters in a consistent manner. 
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